INTRODUCTION
Periprosthetic infections after hip and knee arthroplasties remain a challenging problem with rates ranging between one to two percent for primary and up to five percent for revision procedures [1, 2] . Management of such infections often requires a prolonged course of treatment; is associated with a cost to the healthcare system estimated at four times the cost of a primary procedure without infection and leads to dissatisfied patients with poor function [2, 3] . Methods to prevent, diagnose and treat infection must be optimised in order to reduce both direct and indirect costs to patients and healthcare systems. Preventative measurements have so far been the single most effective method in managing such infections [4] . Intra-operative wound contamination is the main route for contracting a postoperative infection [5] , with various bacteria contaminating the surgical wound and the suture material [6, 7] . To prevent microbial colonisation of the suture material, the triclosan-coated vicryl plus suture (Ethicon, Inc.) was developed. Triclosan is a broadspectrum antiseptic which has been widely used in humans for more than 30 years and is effective against Staphylococcus aureus and Staphylococcus epidermidis including methicillin-resistant and vancomycin-resistant strains [8, 9] . Triclosan-coated sutures (TCS) have demonstrated favourable outcomes, in terms of wound healing [10, 11] and reducing surgical site infections (SSIs) in general surgery [12] [13] [14] , neurosurgery [15] and cardiac surgery [16] . In orthopaedic surgery, there have only been two recent RCTs which investigated the rates of SSIs in hip and knee arthroplasty surgery and showed conflicting results of TCS effect on rates of SSIs [17, 18] . We therefore hypothesised that TCS may be associated with better wound healing characteristics and fewer infections than non-coated sutures (NCS), and as a result may potentially be more appropriate for total hip and total knee arthroplasty wound closures.
MATERIALS AND METHODS

Ethical approval
The local Research and Development department within our institute and the Regional Ethics Committee (REC) approved the trial (REC reference number: 11/LO/0196) which was also registered with an International Standard Randomised Controlled Trials Number (ISRCTN) 21430045. Written informed consent was obtained from all patients. undergoing primary total hip (THA) or knee arthroplasty (TKA) under the care of one surgical team at our institute.
Patients were excluded if they met one of the following criteria: (1) Unilateral primary total hip or knee arthroplasty performed for trauma; (2) Revision procedure or a previous incision in the operative field; (3) History of tendency for keloid formation; (4) Allergy to triclosan/vicryl; (5) Bleeding tendency (e.g., haemophilia and platelet disorders) or being on regular anticoagulation treatment (e.g., warfarin, treatment dose of low molecular weight heparin (LMWH) or conventional heparin); (6) Underlying malignancy and immunocompromised status; and (7) Dementia and mental illnesses preventing informed consent, and children (age < 18 years).
Surgical technique
The operations were performed according to the senior surgeon's default procedure, which include using a medial parapatellar approach and cement for knee arthroplasty, and a posterior approach and uncemented prostheses for hip arthroplasty.
Closure of the TKA wounds included using interrupted 1 vicryl or vicryl plus for the medial parapatellar incisions and 2-0 vicryl or vicryl plus for the subcutaneous tissues followed by skin clips. Closure for the THA wounds included using interrupted 1 vicryl or vicryl plus for the fascia lata and 2-0 vicryl or vicryl plus for the subcutaneous tissues followed by skin clips. For TKAs, a tourniquet was only inflated at the time of cementation and was released after dressing the wound. No drains were used.
Antibiotic prophylaxis included 3 doses of cefuroxime 750mg or alternatively 2 doses of teicoplanin 400mg if the patient was allergic to cefuroxime, with the first dose given at induction of anaesthesia and the rest within the first 24 hours from the operation. All patients received anti-embolism stockings as well as low molecular weight heparin (LMWH) for thromboprophylaxis. Perioperative care plans were similar for each type of operation.
Randomisation
Participants were randomly assigned to two groups. "Cases" received coated polyglactin 910 sutures with triclosan (Vicryl Plus; Ethicon, Inc.), whilst "controls" received the coated polyglactin 910 sutures (Vicryl; Ethicon, Inc.).
Randomisation and blinding were performed by SealedEnvelope Ltd. with assignment of letter codes to cases and controls. The suture type corresponding to a particular letter code was known only to the member of team who received the codes and was not part of the operating surgeons or the operating room nurses. An equal number of cases and control letter code cards were prepared and placed individually in sealed envelopes.
The nurses used consecutive allocation, which was concealed from all professionals delivering patient care including the surgeons and the team involved in assessment of the wounds. Patients, surgeons and the team assessing the wounds were all blinded to treatment assignment (double-blinded study), because both sets of sutures are indistinguishable after removal of the package labelling by the nurses.
Block randomisation was used, with unequal block sizes in order to keep the sizes of treatment groups similar. Randomisation codes were only broken in a case of a serious adverse event.
Outcome measures
The primary outcome was the ASEPSIS wound scoring system [19] . This quantitative wound scoring method is calculated using objective criteria based both on visual characteristics of the wound and the consequences of infection [20] [21] [22] [23] . A score of > 10 indicates an increasing probability and severity of infection (Table 1) . Surgical wounds were inspected two or three days after the operation, and again on days four or five if the patient was still in hospital. The proportion of each wound exhibiting erythema, serous discharge, purulent discharge or dehiscence was recorded. At each post-operative visit, the notes and drug charts of each patient were inspected. The diagnosis of a wound infection by a medical practitioner, the prescription of prophylactic or therapeutic antibiotics, and the opening of a wound or drainage of an abscess was recorded.
Infection was considered superficial if resolved with oral antibiotics only and deep if not controlled with oral antibiotics or required a washout/debridement or revision surgery.
At the time of discharge patients were given a simple "yes/no" questionnaire regarding their wound, which they have been asked to complete and return in a prepaid envelope two months later. Patients were contacted by telephone if no postal questionnaire was returned. The questionnaire was used to ascertain whether a Patient demographics and co-morbidities were collected for baseline comparison of the study groups through attendance of pre-assessment clinics, operative lists and follow-up clinic appointments. This included patient age, gender, body mass index, diabetes, smoking and performance level classified according to the American Society of Anaesthesiologists grade [24] .
Statistical analysis
A clinically important difference would be the TCS reducing the ASEPSIS score by 10. A preliminary audit suggested that if the TCS reduced all patients with a score of 11 to 20 to 10 and below and everyone else to a score 10 lower, then we would expect 97.5% of patients to score 10 and below. Sample size calculation was undertaken using Stata 11 based upon the following assumptions: a two group RCT with equal group sizes, 90% of patients with the NCS to have a score of ten and below and 97.5% of patients with the TCS to have a score of 10 and below. Therefore, we required 210 patients in each group to demonstrate a two-sided 5% significance, with 80% power, and 10% dropout rate. The two study groups' baseline characteristics were compared using means and standard deviations (SDs) for continuous data and frequency counts and percentages for categorical data. The data was analysed using a chi-squared test, Mann-Whitney U test, or Fisher exact test where appropriate. Furthermore, we undertook a logistic regression to determine what patient and operative factors, if any, were independently risks of developing a post-operative complication. All statistical analyses were performed with SPSS version 21.0 software (SPSS, Inc.). A P-value < 0.05 was deemed statistically significant.
The proportion of dropouts from the study was reported. Data analysis was done on an intention to treat basis.
Patient cohort
Patients were recruited between November 2013 and December 2014. During this period, there were 210 patients scheduled for primary hip and knee arthroplasty. Thirty-four patients were excluded for various reasons such as history of previous trauma accounting for the osteoarthritis, revision surgery or being on warfarin. Twenty-six patients refused to take part in the study. Therefore, the study consisted of 150 participants, 81 were randomised to the TCS group (cases) and 69 were randomised to the NCS group (controls) (Figure 1) .
After December 2014, our institute terminated the contract with Ethicon to move to another supplier and hence the sutures were no longer available and the trial had to be ended prematurely with inclusion of 150 out of the 420 intended patients and the results analysed.
The patient cohort included 49 males and 101 females, with a mean age of 68 years (SD 10). The primary indication for surgery was osteoarthritis in 145 (96%) patients. Ninety-six THAs and 54 TKAs were performed; with a mean length of hospital stay of 6 days (SD 4). One hundred and forty-four patients (96%) completed the full followup needed for the study. The demographics were comparable for the two groups ( Table 2 ).
Operative data
There were 96 THAs and 54 TKAs performed during the study. Table 3 demonstrates the difference between the operative data between cases and controls.
Wound outcomes
No statistically significant difference was seen between the two study groups when comparing an ASEPSIS score of ≤ 10 compared to > 11 (P = 0.75). However, a score of greater than 10 was seen in only 6 cases and 4 controls. On the other hand, a statistically significant difference was demonstrated when comparing the overall mean ASEPSIS scores among the study groups (cases = 2.5, controls = 1.4, P = 0.036) ( Table 4) .
DISCUSSION
This RCT was undertaken to compare the wound healing characteristics and wound complications, following wound closure with triclosan-coated and non-coated sutures in primary THA and TKA surgery. Despite the premature termination of this study, there was evidence that the TCS were associated with more wound complications than NCS, rejecting our hypothesis (P = 0.03).
Triclosan-coated sutures have recently gained popularity in Orthopaedics, due to its perceived advantages seen in other surgical specialities. Whilst the majority of evidence in the literature supports the use of TCS in surgical wound closures including recent meta-analyses [25] [26] [27] [28] [29] , there have been several recent studies questioning its efficacy and complication rates.
Mattavelli et al [30] demonstrated no advantage in reducing SSI rates after colorectal surgery in a multi-centred RCT, which included 281 patients (P = 0.564). The overall incision complication rate was noted to be more in the TCS group (45.7%), compared to the control group (38.3%; P = 0.208). Other RCTs concluded similar findings following abdominal wall closure [31] , colorectal surgery [32] , and leg wound closure following graft harvest in coronary artery bypass patients [11] . The two RCTs published on TCS and rates of SSIs in hip and knee arthroplasty surgery show conflicting results [17, 18] . Lin et al [18] randomised 102 patients to TCS or a control group in TKA surgery and concluded that none of the patients in the TCSs group developed a superficial infection whereas 2 patients in the control group (3.9%) developed superficial infections. They also reported lower serum interleukin-6 levels and lower local skin temperature recorded at 3 mo using infrared thermography in the TCS group [18] . On the other hand, Sprowson et al [17] conducted the largest multicentred double-blinded quasi-RCT to date including 2546 patients who underwent either hip or knee arthroplasty surgery and concluded that TCSs did not lead to a reduction in the rate of SSIs (0.7% TCS vs 0.8% control groups). Despite the difference in the primary outcome measured between our study and this RCT, our study findings support higher wound complication rates related to the TCS. Additionally, it is worth noting that this was a quasi-randomised trial conducted at 3 sites with a large number of contributing surgeons and different. Furthermore, the surgeons were not blinded to the type of suture utilised, but both the patients and assessors of outcomes were.
Considering the lack of significant improvement in wound complications, we cannot advocate the continued use of TCS in these procedures. Whilst not the objective of this study, one has to also consider the financial implications of the two suture types. The price per suture will vary amongst institutions, but based upon National Health System (NHS) Supply Chain data [33] , the TCS is typically 20% more expensive than the standard NCS [£3.82 compared to £2.99 respectively]. Whilst suture costs are minimal when reviewing the overall costs of arthroplasty procedures, if no benefit has been shown between the two in reducing rates of infection, there may be significant savings should the standard NCS be the suture of choice.
Strengths of this RCT include the robust inclusion and exclusion criteria and randomisation process, the double blinding of the study including the surgeons performing the operations and inclusion of a single surgeon's cohort of patients to reduce bias in the surgical technique in wound closure among various surgeons.
The incidence of wound infection and poor wound healing, is multifactorial due to a combination of both patient and provider risk factors. In this study, the baseline demographics were similar for both groups, having all undergone pre-operative optimisation prior to surgery. However, after the surgery we were unable to control patient factors following their discharge from hospital, which no doubt may have had an impact on wound healing. Other limitations of this study included the premature termination of the trial due to the unavailability of the sutures after December 2014. This may have resulted in a type II error due to the study being underpowered; hence the binary variable ASEPSIS score ≤ 10 versus > 10 was insignificant. However, sensitivity analysis using the Mann Whitney test (P = 0.036) as well as assessment of the wound complications at the last follow up (P = 0.03), demonstrated significantly higher wound complication rates in the TCS group. Additionally, we utilised the ASEPSIS scoring system which addresses acute postoperative wound healing only, and therefore the protocol for wound surveillance continued for only 6 weeks postoperatively. We acknowledge that the results of this study cannot be applied to delayed onset periprosthetic joint infections.
This double-blinded RCT was undertaken according to a strict inclusion and exclusion criteria to address the intervention of interest. It is the first of its kind reporting the outcomes investigating the effect of TCS on wound healing after primary THA and TKA surgery.
In conclusion, our study has demonstrated that TCS are not associated with improved wound healing or reduction of infections, when compared to NCS. However, larger multi-centred RCTs are required, with adequate power, to fully validate the use TCS in hip and knee arthroplasty surgery. 
ARTICLE HIGHLIGHTS
Research background
Despite the lack of evidence that using triclosan-coated sutures has any benefits in hip and knee arthroplasty surgery, they have been used widely due to the potential benefit of improving wound healing and reducing surgical site infections.
Research motivation
We sought to compare the wound healing characteristics and wound complications associated with the use of triclosan-coated sutures and compared them to non-coated sutures in primary hip and knee arthroplasty surgery.
Research objectives
Our main objective was to investigate the potential benefits of using triclosan-coated sutures in hip and knee arthroplasty surgery using a well designed randomised controlled trial to guide future practice.
Research methods
A single-centred double blinded randomised controlled trial was conducted according to strict inclusion and exclusion criteria and following the Research and Development and Regional Ethics Committee guidelines for conducting high-quality well-designed trials with the above objectives. Primary and secondary outcomes were defined, computer randomisation was performed through Sealed Envelope and statistical analysis including power calculation was planned and approved prior to conducting the trial.
Research results
Utilising the ASEPSIS scoring system, there were no significant differences between the triclosan-coated and non-coated sutures. However, wound complications were noted more frequently at the 2 and 6 wk follow up in the triclosan-coated sutures group. As the study has been terminated earlier than planned due to the unavailability of the sutures, further randomised controlled trials are still warranted to fully answer the question of whether triclosan-coated sutures provide any protection against wound complications and infections after hip and knee arthroplasty surgeries.
Research conclusions and perspectives
The current literature supports the use of triclosan-coated sutures in some disciplines of general surgery but the evidence in orthopaedic surgery especially in arthroplasty procedures remains inconclusive. This trial supports the findings from other studies that triclosan-coated sutures do not provide any benefits over non-coated sutures in protecting against wound complications and infections after hip and knee arthroplasty surgery. Therefore, we recommend against the routine use of those sutures and advise that efforts should continue to emphasise the benefits of preventative measures against infections and explore new modalities of reducing surgical site infections. The utilisation of a well-designed randomised controlled trial will help in answering whether any of those new modalities will stand the challenge of time and optimal outcomes.
